Abstract. The objective of this study is to determine the effect of permethrin insecticide-treated bed net (PITN) use on the incidence of febrile episodes and on household malaria expenses in Benin. Over the course of one year, 208 randomly selected PITN user and non-user households were visited weekly to determine expenditures on febrile morbidity and its treatment, and to monitor spending on malaria prevention. Multivariate analyses were performed to distinguish the effects of PITN use from other important determinants of morbidity, such as malaria-related beliefs and practices, income, and other socio-economic variables. Results from the logistic regression analysis show that the use of PITNs decreases the risk of febrile episodes by 34% in children living in the rural zone. Multiple regression analysis reveals that PITN use does not reduce prevention and treatment expenses. These expenses are significantly associated with women's income. This report also discusses other factors associated with febrile morbidity and malaria-related expenditures.
The results of a study performed to promote the use of permethrin insecticide-treated bed nets (PITNs) in a hyperendemic malaria region of Benin show that children living in rural areas have approximately two febrile episodes per year. Caregivers spend an average of US$1.62 for each febrile episode and a total of US$2.52 for treatment of the illness. 1 Chemoprophylaxis expenditures are substantial and are equivalent to roughly half of what it has been observed that the rural populations spends for treatment. However, even though medication is purchased, irregular use of chemoprophylaxis limits its effect.
The literature suggests certain hypotheses to explain the factors that affect the number of febrile episodes and malaria prevention spending. For example, it is well known that the frequency of febrile episodes caused by malaria decreases as an individual grows older. In effect, the repeated infections over time aid the natural immunity of an individual to confer some resistance to malaria parasites. 2 This was expected in the present study, since data from the malariometric survey in the study area in 1993 showed significantly lower splenic indices in the higher age group (5-9 years old) than in the lower one (2 to Ͻ5 years old): 56.9% and 76.2% respectively (P Ͻ 0.001) (Rashed S, 1993 unpublished data) . Spending tends to vary with occupation, level of income and education. 3 Prevention and treatment attitudes and practices may also explain variation in spending, as may physical factors such as distance between a village and the nearest hospital. 4, 5 The objective of this study is to determine what effect PITN use has on other known factors: 1) the frequency of febrile episodes, 2) treatment expenses, and 3) household expenditures for malaria prevention. Since many factors may influence these expenditures and morbidity, a multivariate analysis was used to distinguish the effect of PITN use from other factors.
METHODOLOGY
Study area. The study area is situated 250 km north of Cotonou, the capital of the Republic of Benin. 6 This humid savannah region includes the urban area of Savalou and a rural area consisting of 27 villages; the total population is estimated at 19,000. A malariometric study indicated higher levels of transmission in the rural area than in the urban area with spleen rates of 68.9% and 56.1%, and parasite rates of 96.8% and 72.0%, respectively (Rashed S, 1993 , unpublished data). The sporozoite rate in the area was approximately 5%, and there was a higher average of intra-domicilary resting Anopheles in rural houses than urban houses, with 9.3 and 2 Anopheles/room, respectively (Akogbeto M, 1993, unpublished data). Plasmodium falciparum chloroquine resistance in the area is estimated to range from 4% to 30%. 7, 8 Selection of study subjects. Households included in the study were composed of at least one adult and one child less than 6 years old, located in one of the 19 villages and 5 urban zones chosen randomly in the Savalou region. The households were the focus of a weekly follow-up covering from a minimum of 84 days to a maximum of 357 days, between April 1994 and March 1995. The objective of the follow-up was to gather data on expenditures for malaria prevention and treatment, as well as on the quality and habits of bed net use. During this same period, two questionnaires were administered to collect data on the socio-demographic profile, malaria knowledge, attitudes, and practices (KAP) of the study population, according to the methodology described in the accompanying article. 1 Statistical analysis. Logistic regression analysis of the data included socio-demographic variables likely to influence the illness, allowing the researchers to identify the determinants of febrile episodes; a multiple regression analysis (with an ␣ error of 0.05) was used to identify the determinants of expenses incurred by illness. A review of the literature did not reveal any other studies of this nature or scope. 1 The dependent variables were calculated from the natural logarithm of the daily averages of 1) febrile episodes (for the logistic regression, febrile episode was dichotomized into absence or presence categories), 2) expenditures for chloroquine chemoprophylaxis, and 3) expenditures for medical consultations and chloroquine treatment. The individual averages were obtained through the summation of the monthly data divided by the total number of days of weekly follow-up for that case. Table 1 shows the independent variables retained from the study. A preceding article details the construction of the variables chosen. 1 To identify possible synergy among variables, interaction variables were created. After verification, it was found that they did not contribute in any significant manner to the model. The market value of agricultural production was used to estimate household income. Because this value is largely a function of farm size and number of livestock, the multivariate analysis results do not include children living in urban households.
The results are supported in the discussion by observations made according to qualitative methodology. The data was collected from 23 focus group discussions among approximately 12 people each. To complete the collection of qualitative data, 16 semi-structured individual interviews were conducted in 8 villages, with men and women representing various segments of the community, including elders, traditional healers, and health care aides.
This research was evaluated and approved by Ethics Review Committees of the Montreal General Hospital (Montreal, Quebec, Canada) and an ad hoc committee composed of local traditional and administrative representatives in Savalou, Benin. Verbal informed consent was obtained directly from individuals and through local leaders.
RESULTS
Determinants of febrile episodes. Among the variables analyzed by logistic regression of the daily incidence of febrile episodes, only age and use of a PITN decreased the daily incidence of febrile episodes in children (Table 2 ). An increase in age of one year decreased the risk of developing a febrile episode by 24% (odds ratio), whereas not using PITNs tripled the risk of febrile episodes. The model retained a KAP variable that showed an increase of 2-3 (2.73) the risk of febrile episodes when one elects to use anti-mosquito measures (such as traditional bed nets, mosquito coils, insecticide sprays, burning leaves) compared with those who elect to use chloroquine chemoprophylaxis for malaria prevention.
Determinants of expenditures for chloroquine chemoprophylaxis. Several variables are significant in the model for chloroquine chemoprophylaxis spending for children living in rural areas. Women's income, material wealth, age of the head of household, and the male adult's religion are positively correlated with the average daily expenditure for chloroquine chemoprophylaxis. Conversely, the male adult's primary school attendance, women of Muslim religion, the use of anti-mosquito methods other than chemoprophylaxis, number of children, status of women in the household and the distance between the village and closest hospital are neg- atively correlated with average daily expenditures for chloroquine chemoprophylaxis (Table 3) . Determinants of expenditures for treatment of febrile episodes. Contrary to the model describing the variation in chemoprophylaxis spending, few variables prove to be significant in the model describing the variation in expenditures for treatment. Among the 30 variables tested, only women's income and the belief that malaria is transmitted in a manner other than by mosquito bite affect the daily average spending incurred for medical consultation and chloroquine use for treatment of rural children (Table 4 ). Spending increases with women's income. The perception that malaria is transmitted by mechanisms other than mosquito bite (e.g., prolonged exposure to the sun, cooking fires, polluted air, or the consumption of certain foods) is associated with a reduction in spending for treatment.
Finally, it was found that use of PITNs in rural areas has no effect on spending for insecticide sprays or mosquito coils. The users of PITNs spend an average of US$0.12 annually for mosquito coils, compared with US$0.11 among non-users of PITNs. In terms of insecticide sprays, non-users of PITNs have an annual expense of US$0.48 compared with US$0.17 among users of PITNs. These differences are not significant.
DISCUSSION
The results indicated that PTIN use decreased the average daily incidence of febrile episodes in children in the rural zone. One might argue that this finding could be explained by the fact that PTIN users were followed up for a shorter period of time, with an average difference of 85 days. However, we believe that this is not the case, since this difference is concentrated mainly in the beginning of the study, corresponding to the months of April to June, a period of lower transmission ( Figure 1) .
The results also indicate that not using PITNs almost triples the risk of developing a febrile episode. The protection afforded by PITN use might have been higher if proven malarial episodes would have been considered rather than all febrile episodes.
People who elect to use anti-mosquito measures have an increase in the incidence of febrile episodes, compared with those who prefer chloroquine chemoprophylaxis. This observation probably reflects the lack of effectiveness of the methods used. The use of chloroquine chemoprophylaxis in the rural zone does not contribute to a reduction in febrile episodes, which may be explained mainly by the irregularity with which chemoprophylaxis is practiced. The results of this study indicate that only 10.9% of the children in rural areas practiced chemoprophylaxis with sufficient regularity (between 75% and 100% of the time during the follow-up). 1 Chloroquine resistance is estimated at less than 30%, and this might also add in its ineffectiveness. 7, 8 Finally, this finding might be explained by the fact that the outcome variable was all febrile episodes, and not just proven malarial episodes. It should be borne in mind that chloroquine cannot prevent fevers that are non-malarial in nature.
Several factors are called into play in the model for the variation in chloroquine chemoprophylaxis spending, but the PITN is not one of them. In fact, the use of a PITN does not contribute to a reduction in spending for chloroquine chemoprophylaxis. A possible explanation for this may be that chloroquine is used for malaria prevention, while PITNs are used to avoid mosquito bites (the nuisance aspect rather than malaria prevention), making these two behaviors independent of one another.
Our data suggest that individuals belonging to socially advantaged classes are more inclined to use chemoprophylaxis. For example, religion, and in particular the Christian religion, is strongly associated with increased chloroquine chemoprophylaxis spending for rural children. Even though there is no significant difference between the income of Christian men and that of men of other faiths, the level of material wealth of Christian men is higher than those who practice other religions. It is possible that being a member of the Christian faith is a characteristic of a socio-economically favored class. Being part of an advantaged class may allow for better access to health care and medication. Analysis of data obtained from women in the study seems to confirm these tendencies. In fact, for women, identification with a non-Christian religion is negatively correlated with chloroquine chemoprophylaxis spending. Women of a religion other than Christianity or animism/vaudou are mainly Muslims. They have average incomes and material wealth indicators that are significantly lower than those of women of other religions. This may explain their reluctance to invest in prevention. However, it is equally possible that being a member of a certain religion may have other particularities that limit their ability to practice prevention. In addition, different social classes may have different belief systems concerning illness.
In theory, the capacity to spend depends on disposable income and is a function of occupational status and education level. According to Ziba and others, 3 an increase in household income and men's level of education is strongly correlated with the use of malaria prevention methods. The same study also showed that the use of herbal medications is correlated with low income and low educational levels. The multiple regression analysis of study data seems to confirm these tendencies, since men who had completed only primary school spent less on chloroquine chemoprophylaxis for children. It is possible that this level of education is not high enough to generate an increase in spending for prevention. Results from a previous study on the determinants of PITN acquisition support this assertion, since they indicate that acquisition of PITN is a function of men who had completed secondary education. 9 Chloroquine chemoprophylaxis spending for children in rural areas increases with the age of the head of household. It is possible that with age, one becomes more aware of the need to invest in disease prevention for children. The distance from the village to the nearest hospital is associated with less spending on chemoprophylaxis for children. This finding may be explained in the rural context where the majority of women do not have a means of transportation, which limits their access to health services, and therefore to medication.
A woman's status in a polygamous relationship, and in particular that of a second wife, tends to diminish chloroquine chemoprophylaxis spending. Observations indicate that polygamy, rather than the household status of women, negatively influences prevention spending. Nevertheless, the contrary has been observed in other contexts. It seems that the household status of women in polygamous relationships brings with it certain privileges and responsibilities depending on the status held and the economic role played by the wives. According to Warner and others, 10 in the Dagomba culture in Ghana, when the first wife has acquitted herself of responsibilities related to child-bearing (i.e., after bearing one or two children), she moves to the status of cook on a full-time basis. This role gives her some free time that may be used to sell food she has prepared, and thus to generate extra income. The household status of women in a polygamous relationship can therefore translate into a disparity in personal income and purchasing power, depending on the economic role associated with that particular status. However, the influence on health spending of a woman's household status in a polygamous relationship may vary from one culture to another, and therefore needs to be studied further.
While many variables influence prevention practices, few variables have an impact on the average expenditures for treatment of this illness. This result can be explained by the fact that illness itself is the principal determinant of the expenses incurred, leaving little room for other variables to exert an influence. Use of a PITN does not decrease treatment spending for malaria. Only part of the expenses can be attributed to malaria, since not all febrile episodes are necessarily caused by malaria. This might explain, at least in part, why PITN use does not appear to reduce treatment expenditures. Analysis of the results reveals that only the women's income is associated with treatment spending for children in rural areas. The literature confirms these observations and reports that the availability of money for medical treatment determines access to health care during a malaria illness. 10 This availability is a function of women's income, even though it is often inferior to men's income. The same can be said about the total sum spent on maintaining or restoring health. It should also be noted that the use of a non-randomized sample in this study may have augmented the apparent effect of women's income on spending. A randomized study, controlling for certain factors such as income, may show a reduction in spending as a result of PITN use. When the analysis is performed and restricted to highincome households, there is no significant tendency for a reduction in spending among those who use PITNs. However, households owning a PITN spent more per febrile ep-isode. The lack of reduction in spending with PITN use may be explained by the fact that households owning a PITN spend more money on illnesses because they have more money available and thus use more costly health services.
Results from this study confirm the finding of others that popular beliefs surrounding an illness condition people's behaviors toward the illness and health care use. [11] [12] [13] Indeed, perceptions concerning the transmission of malaria by methods other than the anopheles mosquito are associated with a decrease in average daily spending for treatment for rural children. A large segment of the population is partisan to these types of beliefs, which are often deeply rooted in popular culture, shaping the perceptions associated with illness. In certain rural areas, the population does not subscribe to malaria being transmitted by the mosquito. ''How can an animal bite me and cause malaria?'' (Man, second focus group discussion, Hadjava village). In fact, the rural population generally believes that prolonged exposure to the sun causes malaria, which is in fact called ''Ouevozon'' or sun disease: ''For us, the villagers, it is when we work in the sun that we fall ill to malaria.'' (Woman, Alamoudji village). As well, depending on the community, malaria is named differently according to the community's perceptions. Indeed in certain indigenous languages, there is often no equivalent to the concept of malaria. 11, 12 These beliefs also justify the villagers' use of prevention and treatment methods that may seem inefficient, such as the use of herbal medication. 13, 14 These practices may also be justified by limited access to health care due to distance or the cost of medical consultation and medication, as was the case in the rural zone in this study. . During rainy seasons, work in the fields monopolizes all of rural women's time and energy. During a febrile episode, they are less available to reach the nearest medical post, and thus often deprive their children and themselves of treatment and medication. 5 Also, adopting health behaviors that support the popular perceptions of a etiology of a disease, the consequences of which include minimizing spending, could be reinforced by a semi-chronic absence of financial resources. Figure 1 shows the elements influencing health behavior as derived from our results and the literature. The observations from this study tend to show that the perception of the illness gives rise to different behaviors depending on the types of beliefs held about malaria, and on socioeconomic conditions defined largely by the sufficiency or insufficiency of women's income. However, the maintenance and restoration of health requires purchases such as medication. When income becomes available during the harvest, it is controlled by men who define spending priorities. The study region is characterized by an extremely precarious economy. The principal economic activity is subsistence agriculture, and little time is devoted to the integration of malaria prevention and knowledge. One would expect that men's income influences the level of prevention and treatment expenses, but the results do not support this hypothesis. It is probable that men's incomes are used for other spending priorities. Women are often the ones who invest a larger portion of their resources in the needs and well-being of the family, and therefore are the purchasers of many of the health products. They are, for the most part, more sensitive than men to health problems and more often involved in community activities. Interestingly, the influence of PITN use on the reduction in febrile episodes can be traced to an indirect effect of women's income, since this income is identified as a necessary determinant for possessing a PITN. 9 It appears in this non-randomized study that PITN use significantly reduces the incidence of febrile episodes. However, the use of PITNs did not reduce malaria prevention and febrile episodes treatment spending. These spendings are associated with the socio-economic characteristics of the population such as women's income, men's educational level, and religion. Interestingly, men's income does not exert an influence on average spending, whereas the women's income, even though much lower than the men's, increases prevention and treatment spending. Women's income also has an indirect effect on the reduction of febrile episodes. In effect, because ownership of a PITN depends on women's income, the protection offered by the PITN is made possible largely by this income.
These observations lead to the conclusion that any malaria-control action must take into consideration the crucial role of women in families and communities. More specifically, the development of interventions intended to encourage household investment in prevention methods, such as chloroquine chemoprophylaxis or PITNs, should take into account the involvement of women in community health and should find opportunities to increase their purchasing power and involve them in health interventions and planning. Future studies should determine the portion of household income allocated to services and goods intended for health care, keeping in mind other household spending priorities. A familial approach to malaria prevention and treatment, one that includes both men and women, is strongly suggested. Moreover, reinforcing the rural population's knowledge, particularly of malaria transmission and the principal groups at risk, must also be considered.
